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Methods. A prospective 15-month cohort study of 127 infants and 119 elderly people was combined with animal and food surveillance to determine the incidence and severity of Salmonella and Campylobacter gastroenteritis in a comparatively prosperous rural community in Mexico.
Results. Salmonella and Campylobacter were isolated in up to 75% and 57%, respectively, of raw retail meat and in up to 4.5% of ready-to-eat foods. Rates of acute gastroenteritis of any etiology in infants and elderly people were, respectively, 2.1 and 0.7 episodes per person per year. The annual incidence density rate of Salmonella gastroenteritis was 17.8 per 100 infants and 7.9 per 100 elderly people; the rate of Campylobacter gastroenteritis was 11.7 per 100 infants and 0 per 100 elderly people. Pulsed-field gel electrophoresis analysis yielded multiple clusters of human, meat, and/or animal Salmonella and Campylobacter isolates with indistinguishable patterns. On average, gastroenteritis episodes with these pathogens lasted 3 days in infants and 2 days in elderly people. Medical attention was sought in 44% of diarrheal episodes in infants and in 26% of diarrheal episodes in elderly people; none required hospitalization. Infants with multidrug-resistant Salmonella gastroenteritis had a higher frequency of bloody stools and medical visits (50% vs 11%; odds ratio, 8.5; P = .04) than those with more susceptible strains.
Conclusions. In this relatively advantaged Mexican rural community, the human health impact of a food chain heavily contaminated with Salmonella and Campylobacter was of low magnitude.
Foodborne disease results from the ingestion of contaminated food. Salmonella and Campylobacter, 2 zoonotic pathogens that are frequently harbored in the intestinal tract of food animals such as chicken, swine, and cattle, are leading causes of foodborne disease worldwide [1] . A recent study in the United States estimated that 9.4 million episodes of foodborne disease occur each year; of these, 11% are caused by Salmonella and 9% by Campylobacter. Salmonella is a leading cause of hospitalization and death as well as gastroenteritis [2] .
During the last 2 decades, industrialized countries have witnessed a rising incidence of sporadic foodborne disease and foodborne outbreaks while both Salmonella and Campylobacter have become increasingly resistant to clinically important antibiotics. Several studies have demonstrated an association between antimicrobial resistance and negative human health impacts such as increased duration of diarrhea, frequency of hospitalization, and mortality [3] [4] [5] [6] .
In recent years, experts have called for well-designed prospective studies on the burden of foodborne disease in developing countries [7] . In addition to the paucity of studies, the epidemiology of foodborne disease in resource-limited settings differs from that in more affluent regions. Previous studies in Africa, Asia, and Latin America have shown that in these settings, infants and children are highly exposed to enteric pathogens. There is consequently an agerelated decrease in the rates of clinically manifested infection, and asymptomatic colonization is a common phenomenon [8] [9] [10] .
In this study, designed to measure the impact of contaminated food on a small rural community in southeast Mexico, we combined active and prospective surveillance of the food chain with concurrent clinical follow-up of infants and elderly people. The main objectives were to determine (1) prevalence of Salmonella and Campylobacter at different points throughout the food chain, (2) transmission of these pathogens to humans by molecular subtyping analysis, and (3) impact on the local population using incidence and severity of Salmonella and Campylobacter gastroenteritis in infants and elderly people as indicators.
METHODS

Study Setting
The study was conducted from March 2006 to May 2007 in Buctzotz, a rural community of 6752 inhabitants located 100 km northeast of Mérida, the capital city of Yucatán, Mexico. Buctzotz is an ideal site for studying the transmission of foodborne pathogens because it has a single municipal slaughterhouse, 1 municipal market, and 10 butcheries that supply retail meat for local consumption. The community is relatively prosperous, with an average monthly household income that is 3 times that of the state monthly minimum wage. More than 95% of the population has running water and electricity and all have access to healthcare; the median consumption of meat is 24 days (80%) per month (Table 1) .
Epidemiologic and Household Surveillance
This study focused on the age groups with the highest gastroenteritis morbidity and mortality in Yucatán, namely, children <5 years and the elderly [11] . An initial population survey revealed that of the 1789 registered households, 436 had either a child <30 months (n = 219) or an adult >69 years (n = 217; hereafter referred to as "older adult") eligible for inclusion. Computer-driven lists of randomized numbers were used to select, in turn, house-blocks and 250 households; 127 households with infants and 119 with elderly people participated. Only 1 cohort child or older adult was selected per household.
Each cohort subject was visited in his or her home twice a week by a trained social worker. When a diarrheal episode (defined as ≥3 loose stools in 24 hours) was detected, the social worker collected a fecal sample and administered a questionnaire to the child's mother or to the elderly person regarding the severity and duration of disease. Fecal samples were transported 3 times each week to the Hospital General O'Horan Research Laboratory, Mérida, in Cary-Blair medium. If the sample was positive for Salmonella and/or Campylobacter, household members were asked to submit a fecal sample within 14 days.
Food Chain Surveillance
Ten food-animal intestines (cecum) and 10 raw retail meat samples (5 chicken, 3 swine, and 2 cattle) were collected, respectively, from the municipal slaughterhouse and from the municipal market and butcheries; 10 samples of fresh, readyto-eat foods were obtained from households and small food establishments. All samples were collected in separate sterile plastic containers on a weekly basis; available establishments were sampled with equal frequency. Food and animal sample sizes were based on our previous studies that demonstrated animal/food-to-human transmission by pulsed-field gel electrophoresis (PFGE) [10, 12] .
Microbiological Methods
Fecal samples from cohort subjects with gastroenteritis and their family members and samples from animal intestines and raw retail meat were tested for Salmonella and Campylobacter; ready-to-eat foods were only tested for Salmonella. For the purpose of comparability, identical methods [12, 13] were used for isolation and identification of Salmonella and Campylobacter from fecal samples, food, and animals. In brief, samples were placed in buffered peptone water (BPW) for 30 minutes and inoculated onto selective agars (brilliant green, XLT4, Cefex, and MacConkey) and broths (tetrathionate and Rappaport-Vassiliadis). Salmonella isolates were serotyped according to the Kaufmann-White scheme with commercial antisera (DIFCO, Sparks, Maryland). Human fecal samples were also processed for Shigella and pathotypes of diarrheagenic Escherichia coli according to standard methods [14, 15] . In a subset of randomly selected cohort households, hand cultures were collected without prior notice and tested for Salmonella and E. coli, as an indicator of fecal contamination. Hand cultures were performed by pouring 250 mL of BPW over hands while rubbing, and collecting the runoff in sterile plastic bags. The BPW was subcultured onto MacConkey agar and selective Salmonella broths and media.
Antimicrobial susceptibility testing for Salmonella isolates was first performed by disk diffusion for 12 antimicrobials; minimum inhibitory concentrations were determined for ceftriaxone, ceftazidime, and ciprofloxacin by agar dilution. Campylobacter isolates were tested for ciprofloxacin, gentamicin, erythromycin, and tetracycline by agar dilution [16, 17] . For Salmonella, PFGE analysis was performed on the 2 most frequent serotypes in the community (Agona and Meleagridis), the top 2 serotypes isolated from hospitalized Mexican children with diarrhea (Typhimurium and Enteritidis), and Salmonella enterica group II. For Campylobacter, PFGE was performed on all human, swine, and cattle C. jejuni isolates and every second C. jejuni isolate from chicken. XbaI and SmaI were used as restriction enzymes for Salmonella and Campylobacter, respectively; PFGE conditions were those specified in the PulseNet protocols developed by the Centers for Disease Control and Prevention [18, 19] . An external observer unaware of the objectives of the study analyzed the gels with BioNumerics software, version 5.10. Banding patterns were compared using Dice coefficients with a 1.5% band position tolerance.
Statistical Analysis
Statistical analyses for the comparison of categorical data were performed with the χ 2 test and the 2-tailed Fisher exact test;
the Mann-Whitney U test was used for continuous variables.
Ethical Considerations
The protocol was approved by the Hospital General O'Horan Internal Review Board. At the request of the Ethics Committee, health education on hand-washing and food-handling techniques and household management of gastroenteritis was given during household visits. Prior to initiating the study, written informed consent was obtained from the head of each participating household.
RESULTS
Of the 246 cohort subjects included in the study, 119 infants (94%) and 115 elderly people (97%) completed the 15-month Figure 1 . Prevalence of Salmonella and Campylobacter in food animals, raw retail meat, and diarrheal episodes in cohort subjects from Buctzotz, Yucatan. Animals and raw retail meats were commonly colonized/contaminated with Salmonella and Campylobacter species; Salmonella was a more frequent cause of gastroenteritis in both infants and elderly people. In elderly people, Campylobacter was isolated only from mixed infections. The total number of samples tested is indicated in parentheses. Figure 2 . Pulsed-field gel electrophoresis (PFGE) analysis of 179 Salmonella ser Agona isolates yielded 8 clusters of 65 human and food/animal isolates with indistinguishable PFGE patterns (the complete dendrogram can be viewed as an online supplement). In clusters 2 and 4, strains recovered from ill and asymptomatic humans are indistinguishable from strains isolated from swine intestine and beef meat. In cluster 2, strain yuhs 06-62, recovered from an ill child, is indistinguishable from yuhs 06-70, recovered from his asymptomatic father (box). In cluster 4, strain yuhs 06-153 isolated follow-up period. The characteristics of study subjects at recruitment were very similar to those of noncohort households ( Table 1) .
Prevalence of Salmonella and Campylobacter Throughout the Food Chain
The number of samples collected and the recovery rates for Salmonella and Campylobacter in food-animal intestines, raw retail meat, and cohort diarrheal episodes are shown in Figure 1 . Cattle and swine had the highest rates of Salmonella contamination, whereas Campylobacter was highest in chicken intestines. Of the 522 ready-to-eat food samples, Salmonella was most frequently found in cooked pork (5 of 111 samples, 4.5%), cooked chicken (4 of 109, 3.7%), and fresh fruit beverages (4 of 100, 4%); it was not found in fresh fruits, vegetables, or cooked beef. A total of 100 hand cultures were collected from 40 households (50 from children and adolescents, 50 from adults). Only 1 sample was positive for Salmonella ser Poona; 31 (16 adults and 15 children) were positive for E. coli. Figure 2 continued. from another ill child is indistinguishable from strains yuhs 07-2 and yuhs 07-3, isolated from her asymptomatic mother and 11-year-old sister, respectively (box). Black squares indicate resistance to the corresponding antibiotic. Codes for antibiotics: CHL, chloramphenicol; GEN, gentamicin; KAN, kanamycin; SSS, sulfisoxazole; STR, streptomycin; SXT, trimethoprim-sulfamethoxazole; TCY, tetracycline. Source codes: BI, bovine intestine; BM, beef meat; CI, chicken intestine; CM, chicken meat; FFB, fresh fruit beverage; HA, human asymptomatic case; HD, human diarrheal case; PM, pork meat; SI, swine intestine. A total of 906 Salmonella and 944 Campylobacter isolates were recovered from humans, food, and animals. Overall, Salmonella ser Agona was the most common serotype (19.3% from all sources); the two 2 virulent serotypes, Typhimurium and Enteritidis, comprised 3.5%. Among Campylobacter isolates, chicken intestine and meat more frequently contained C. jejuni (64% and 53%, respectively), whereas swine and cattle mostly contained C. coli (swine and cattle intestine: 95% and 85%; pork and beef meat: 97% and 100%, respectively). Human isolates were equally divided among C. jejuni and C. coli.
Food Chain and Intrahousehold Transmission
Fifty-four Salmonella gastroenteritis episodes occurred in infants and elderly people. We were able to obtain stool cultures from 108 of 151 (72%) familial contacts. Eight of these had diarrhea during the same week as the index case, but only 1 stool culture was positive for Salmonella, albeit with a different serotype than that of the cohort subject. Of the 100 samples from asymptomatic family members, 23 (23%) were positive.
In 5 households, 7 asymptomatic family members carried strains with PFGE patterns indistinguishable from their corresponding cohort subject with gastroenteritis (for Salmonella Agona and Salmonella Typhimurium; Figures 2 and 3 , and Supplementary Data). In all 5 serotypes analyzed by PFGE, we found clusters of human, food, and/or animal isolates with indistinguishable patterns.
Of the 20 Campylobacter episodes in cohort subjects, stool samples were collected from 52 (49%) of 106 familial contacts. Three of these had diarrhea during the same week, but none of the stool cultures yielded Campylobacter. Of the 49 asymptomatic family members, 4 (8%) were positive for Campylobacter; 1 C. jejuni isolate was indistinguishable by PFGE. One hundred forty-three C. jejuni isolates were subjected to PFGE, which yielded 7 clusters with human isolates that were indistinguishable from those collected from retail meat and animal intestines (Figure 4) . In both the Salmonella and Campylobacter dendrograms, several clusters of human, meat, and/or animal isolates were recovered within a 2-week period and had the same antibiogram.
Incidence and Severity of Salmonella and Campylobacter Gastroenteritis
One hundred twenty-seven infants were surveyed for a total of 7896.2 weeks of follow-up, during which 331 diarrheal episodes were detected in 109 (86%). Eighty-nine (70%) of the infants had ≤3 episodes during the study period. The 119 elderly people were surveyed for a total of 7549.6 weeks of follow-up, during which 108 diarrheal episodes occurred in 60 (50%). One hundred twelve (94%) had ≤3 episodes and 7 (6%) had >3 episodes during the study period. Annual incidence density rate for diarrhea of any etiology was 2.1 episodes per child and 0.7 episodes per elderly people. In infants, diarrheagenic E. coli was the most frequently recovered pathogen (10.3%), followed by Salmonella (8.2%), Shigella (4.5%), Campylobacter (3.6%), and mixed infections (3.3%). In elderly people, Salmonella was isolated from 15.7% of episodes, followed by Shigella (6.5%), diarrheagenic E. coli (4.6%), and mixed infections (3.7%).
There were 34 Salmonella gastroenteritis episodes in infants (Salmonella only, 27; mixed infection, 7) and 20 episodes in elderly people (Salmonella only, 17; mixed infection, 3). The annual incidence density rate of Salmonella gastroenteritis (those with Salmonella as the sole etiology) was 17.8 episodes per 100 infants and 11.7 episodes per 100 elderly people. Eighteen episodes were positive for Campylobacter in infants (Campylobacter only, 12; mixed infection, 6). In elderly people, the only 2 episodes positive for Campylobacter occurred as mixed infections. The annual incidence density rate for Campylobacter gastroenteritis (sole etiology) in infants was 7.9 episodes per 100, and 0 per 100 in elderly people.
Salmonella and Campylobacter gastroenteritis episodes in infants had similar numbers of stools per day, bloody stools, vomiting, and days of duration. Fever was slightly more common in Campylobacter episodes (33% vs 19%), and infants with a Salmonella episode more frequently required medical attention (22% vs 8%). Compared to infants, Salmonella episodes in elderly people less frequently produced bloody stools (22% vs 6%) and lasted 1 day less (3 days vs 2 days), but these differences were not statistically significant (Table 2) . No infants or elderly people required hospitalization and no diarrhea-related deaths occurred during the study period.
Susceptibility results for Salmonella isolates are shown in Table 3 . Multidrug resistance to ≥3 antibiotics was present in 15.9%, 15.2%, and 13.7%, respectively, of isolates from humans, food, and animals and was mainly limited to serotypes Typhimurium and Anatum (resistance phenotypes for Typhimurium are shown in Figure 2 ). When comparing cohort subjects with resistant and susceptible strains, infants with multidrugresistant (MDR) Salmonella (≥3 antibiotics) had a significantly higher frequency of bloody stools and visits to the physician (50% vs 11%; odds ratio, 8.5; P = .04). No differences could be identified for MDR Salmonella in elderly people. Figure 4 continued. 06-114 and yurapolc 06-180 and 06-82, from chicken meat and chicken intestines, respectively. Clusters 2-7 show other human isolates that are indistinguishable from retail meat and/or animal intestines. Black squares indicate resistance to the corresponding antibiotic. Codes for antibiotics: CIP, ciprofloxacin; ERY, erythromycin; GEN, gentamicin; TCY, tetracycline. Source codes: CI, chicken intestine; CM, chicken meat; HA, human asymptomatic case; HD, human diarrheal case; SI, swine intestine.
Resistance phenotypes for C. jejuni strains are shown in Figure 3 . In C. coli, resistance to ciprofloxacin and erythromycin was highest in swine (90.8% and 55%, respectively) and cattle (91.6% and 33.3%, respectively). In humans, resistance rates were 47.6% and 9.5%, respectively.
DISCUSSION
To our knowledge, this is the first cohort study to assess the human health impact of a heavily contaminated food chain in a Mexican rural community. As this is not a markedly impoverished community, most homes have electricity, running water, and adequate protein intake, as evidenced by the monthly consumption of meat (approximately 24 days per month). Despite the fact that Salmonella and Campylobacter raw meat contamination reached 75%, 50% of the households had food animals, and 40% had no toilets, the overall impact on human health was surprisingly low.
Although the incidence of gastroenteritis in our cohort infants (2.1 episodes per person-year) was higher than in industrialized countries (0.1-0.9 episodes per person-year) [20, 21] , it is lower than the current worldwide estimate for childhood diarrhea (approximately 4 episodes per person-year) [22] . The incidence rate in our elderly population (0.7 episodes per year) was very similar to a recent estimate for the general population in the United States [2] , a striking finding if one considers the food chain contamination in this rural community.
Although both pathogens were present in high frequencies in animals and food, Salmonella more frequently caused gastroenteritis, including coinfections (10% of the gastroenteritis episodes in infants and 18.5% of the episodes in elderly people), than did Campylobacter (5.4% in infants and 1.9% in elderly people). The near absence of Campylobacter gastroenteritis in our elderly people population concurs with previous longitudinal studies [9, 23] in which Campylobacter diarrhea episodes markedly decrease after 5 years of age. The lower incidence and severity of gastroenteritis in elderly people reinforces the notion postulated by others [9, 24, 25] that persistent stimulation by early and intense exposure to Campylobacter and Salmonella results in the development of acquired immunity. We postulate that the greater susceptibility to Salmonella during old age may be due to a greater decline in the immune responses required to eliminate intracellular pathogens [26] , a subject that requires future investigation. Our PFGE analyses revealed multiple clusters of isolates from animals, foods, and humans with indistinguishable subtyping patterns. Frequently, animal and food strains had been isolated shortly before the human ones, suggesting that animal and food strains are continuously being transmitted to humans, causing symptomatic and asymptomatic infections. Many of the PFGE subtypes circulated for months, consistent with our previous studies [27, 28] showing that the same subtypes may circulate for years in the same region. Our findings provide evidence that in communities such as the one we studied, foodborne pathogens are continuously transmitted to humans, either through the commercial food chain or through direct contact with food animals. Such continuous and intense exposure to foodborne pathogens raises the possibility that PFGE clusters of indistinguishable isolates reflect hyperendemic infections rather than epidemics, the favored interpretation of public health specialists in industrialized countries [29, 30] .
In this cohort, the overall incidence and severity of Salmonella gastroenteritis in infants was greater than that for Campylobacter, and episodes caused by Salmonella strains resistant to ≥3 antibiotics tended to be more severe than episodes caused by more susceptible strains. MDR Salmonella strains were limited to specific serotypes that are also virulent, such as Typhimurium [31, 32] . Thus, greater severity of disease may be a function more of virulence than of antimicrobial resistance. MDR Salmonella in elderly people and ciprofloxacinresistant Campylobacter strains in infants were not associated with greater severity. Although antimicrobial-resistant Salmonella and Campylobacter circulate in this community, the burden on the population as a whole appears to below, conceivably because most of the episodes were relatively mild and self-limiting. Medical attention was sought in 44% of episodes in infants and 26% in elderly people; none required hospitalization.
Possible factors contributing to the low incidence and severity of gastroenteritis in this particular study were adequate food intake, acquired immunity, and the provision of health education by our social workers. Several studies have shown that even modest reductions in hand contamination can reduce the risk of pathogen transmission [33, 34] . Policy makers need to identify simple and cost-effective interventions to reduce the burden of foodborne disease.
There were several limitations to our study. The exclusive focus on infants and elderly people precluded the comparison of different age groups. Insofar as our study focused on the commercial food chain, the design was not optimal for studying household transmission. Family members were cultured only if a cohort subject was positive for Salmonella or Campylobacter. Moreover, we made no attempt to culture food animals within the household. It is likely that household transmission occurred more frequently than we could detect. Finally, the comparison of diarrheal episodes caused by resistant and susceptible strains was hampered by the small sample sizes. Nevertheless, we were still able to demonstrate a greater burden for MDR Salmonella in infants.
In conclusion, in this relatively advantaged Mexican rural community, the human health impact of a food chain heavily contaminated with Salmonella and Campylobacter, including MDR strains, was of low magnitude. The findings raise the possibility that the combination of adequate food intake, access to water and medical care, and provision of relevant health education may be sufficient to mitigate the human health risks of foodborne pathogens in highly endemic, low-resource settings.
Notes
